Introduction
The synthesis, coordination and organometallic chemistry of phosphine and, to a rather lesser extent, arsine ligands have been major research areas for the last 70 years. Detailed studies of the heavier analogues, stibines, have only been carried out in the last 25 years or so, the neglect partially reflecting the more difficult syntheses of the ligands but mostly due to the view that they were "similar but poorer" ligands in comparison to phosphines.
1,2 This viewpoint is no longer tenable, and tertiary stibines have a chemistry significantly different from that of their lighter analogues, most clearly demonstrated by the seminal work of Werner, 3 who prepared the first examples of bridging ER 3 (E = P, As, Sb) ligands with Sb i Pr 3 and who showed that metathesis with PR 3 or AsR 3 led to examples of these as bridging ligands, although the latter complexes cannot be obtained directly. 3 It is also clear that the organometallic chemistry supported by tertiary stibines is significantly different from that of the lighter analogues. 2 Although there is an extensive organic chemistry of bismuth, 4 bismuthine ligands have been very little studied, partially due to their poor σ-donor power and to the reactive C-Bi bonds which are prone to fission in the presence of some metals. 2 The majority of bismuthine complexes are with metal carbonyls and contain only symmetrical monodentate BiR 3 ligands; 2, 5 only one dibismuthine, p-Ph 2 BiC 6 H 4 BiPh 2 , has been complexed (with Cr and W carbonyls), 6 and there are a few hybrid ligands containing bismuth in combination with O, N, P, etc.
(1) (a) McAuliffe, C. A. Acc. Chem. Res. 1978, 11, 363. (b) Champness, N. R.; Levason, W. Coord. Chem. Rev. 1994, 133, 115. (2) donor atoms, 1,7 although characterization of complexes of the last group has been poor by current standards. Here we report the synthesis of several new ligands containing two bismuthine groups in combination with a single O, N, or S donor atom and some antimony analogues and illustrate their chemistry by complexation to the [(η 5 -Cp)Fe(CO) 2 ] þ acceptor unit. There is a great deal of current interest in hypervalent interactions N(O) 3 3 3 Bi(Sb) in organo-antimony and -bismuth compounds and their complexes, [8] [9] [10] and there is the possibility of using metal complexes of the bismuth ligands as precursors for bismuth-metal alloys or nanoparticles by thermal deposition techniques.
Results and Discussion
Polydentate Bismuth Ligands. The relative fragility of the Bi-C linkage, which is prone to both fission and scrambling of substituents on the bismuth center, necessitates the introduction of the bismuth groups in the final stage of the ligand syntheses and under carefully controlled (mild) conditions. We found that careful control of the reaction temperature, reagent stoichiometry, and reaction times were all key to obtaining pure samples of the bismuth ligands; relatively minor changes can result in very impure products and low yields. In the introduction of Ph 2 Bi-groups, Ph 2 BiBr (made by comproportionation of BiBr 3 and Ph 3 Bi in a 1:2 ratio in diethyl ether solution) is the key reagent; Ph 2 BiCl is poorly soluble, especially at low temperatures, and this causes insuperable problems in maintaining control of the reaction stoichiometry. Similarly, we used Me 2 BiBr as the preferred source of Me 2 Bigroups; it is not necessary to isolate Me 2 BiBr, which was made in situ in thf from BiBr 3 and MeLi (1:2) at -78°C and used immediately. With the R 2 BiBr reagents in hand, the two routes to hybrid polybismuthine ligands are either direct reaction with the appropriate lithio derivative or reaction with Na/ liquid NH 3 to form NaBiR 2 11 and subsequent reaction with an organohalide (Scheme 1); where both routes appear feasible, the former is far preferable and gives higher yields. O{(CH 2 ) 2 BiPh 2 } 2 (3) was obtained in good yield (55%) by reaction of I(CH 2 ) 2 O(CH 2 ) 2 I with NaBiPh 2 in liquid ammonia. Use of X(CH 2 ) 2 O(CH 2 ) 2 X (X = Cl, Br) results in incomplete substitution of the halide, indicative of poor nucleophilicity of the bismuthide ion. 3 is a white air-stable solid, but is air-sensitive in solution, readily identified by its 1 H and 13 C{ 1 H} NMR spectra (Experimental Section), although in contrast to most of the other ligands in this work, it showed only Ph 2 Bi þ and PhBi þ as significant ions in the FAB mass spectrum. In contrast to corresponding P, As, and Sb ligands, neither quaternization with RX nor halogenation (to Bi(V) species) is possible.
4b,c The structure of 3 ( Figure 1 ) shows a pyramidal arrangement of organic groups about bismuth, with C-Bi-C angles less than 96°, consistent with the Bi-C bonds having high Bi 6p character, 2b,6 and the angle at the oxygen bridge C(15)-O(1)-C(14) is 112.1(4)°. The conformation shows close to symmetric hypervalent interactions between the oxygen and both bismuth atoms, Bi(1) 3 3 3 O(1) = 3.203(3) and Bi(2) 3 3 3 O(1) = 3.126(3) Å , which are within the sum of the van der Waals radii (3.52 Å ).
12 Although hypervalent interactions between bismuth and heteroatoms such as O, N, and S are well established, 8 these usually involve a single bismuth center and are, as might be expected, markedly shorter than the present example.
Repeated attempts to isolate O{(CH 2 ) 2 BiMe 2 } 2 from the reaction of NaBiMe 2 with I(CH 2 ) 2 O(CH 2 ) 2 I were unsuccessful, the reaction generating large amounts of elemental Bi and a complex mixture of organic fragments. Although O{(CH 2 ) 2 -SbMe 2 } 2 is known and is stable in the absence of air, O{-(CH 2 ) 2 AsMe 2 } 2 is unstable and cleaves readily at the C-O link on heating or reaction with metal salts to yield 2-(dimethylarsino)ethanol. 10 Dilithiation of MeN(CH 2 -2-C 6 H 4 Br) 2 8l with Bu n Li in thf at -78°C, followed by warming to room temperature and addition of powdered Ph 2 BiBr, after careful workup gave MeN(CH 2 -2-C 6 H 4 BiPh 2 ) 2 (4) as a pale yellow powder in H} NMR spectra, the latter showing resonances at δ 42.21 (CH 3 N) and 66.95 (CH 2 N) and 10 distinct aromatic carbon resonances, including two assigned as BiC ipso . The CI mass spectrum showed the highest significant ion at m/z 857, corresponding to [P -Ph] þ . A small amount of white crystalline material isolated from the diethyl ether solution of the crude ligand was found to be the smallring bromoazabismocine MeN(CH 2 -2-C 6 H 4 ) 2 BiBr (5), which probably arises from some residual BiBr 3 impurity in the Ph 2 BiBr. The structure (Figure 2 ) is similar to that in other azabismocines 8m and shows a distorted-trigonal-bipyramidal geometry about bismuth with a vacant equatorial vertex. The hypervalent Bi(1) 3 3 3 N(1) distance (2.503(5) Å ) lies at the shorter end of the range in related complexes (2.517(4)-2.764(5) Å ). 8m,13 The corresponding reaction of MeN(CH 2 -2-C 6 H 4 Li) 2 with Me 2 BiBr in thf, initially at -78°C, followed by warming of the mixture to room temperature and workup, gave MeN(CH 2 -2-C 6 H 4 BiMe 2 ) 2 (6) . The FAB mass spectrum shows [P] þ and [P -Me] þ . Careful examination of the NMR spectra showed that some samples contain small amounts (<5%) of a second species, which was identified as the smallring azabismocine MeN(CH 2 -2-C 6 H 4 ) 2 BiMe (7), i.e. the Mesubstituted analogue of 5, which may result either from scrambling or from some MeBiBr 2 in the bismuth reagent.
The sulfur-bridged ligand S(CH 2 -2-C 6 H 4 BiPh 2 ) 2 (9) was obtained similarly from S(CH 2 -2-C 6 H 4 Br) 2 , MeLi, and Ph 2 BiBr as a white solid in 33% yield. The NMR and FAB mass spectra are consistent with the formulation (Experimental Section), and in this case white crystals were obtained from toluene solution. The structure (Figure 3 ) again shows a pyramidal BiC 3 unit, with angles consistent with predominantly Bi 6p character in the Bi-C bonds. 2b,6 There are hypervalent Bi 3 3 3 .S interactions involving both bismuth centers, Bi(1) 3 3 3 S(1)=3.3254(12) Å , Bi(2) 3 3 3 S(1)=3.3013(12) Å , and Bi(2) 3 3 3 S(1) 3 3 3 Bi(1) = 147.84(4)°; the Bi 3 3 3 S interactions are, as expected, significantly longer than in thiabismocines containing a single hypervalent link, which are typically <3.0 Å , 8m but are still well within the sum of the van der Waals radii (3.8 Å ). 12 The corresponding dimethylbismuth ligand S(CH 2 -2-C 6 H 4 BiMe 2 ) 2 (10) was obtained similarly to 9, although in rather poor yield, as a very air-sensitive yellow oil.
The antimony analogue of 10, S(CH 2 -2-C 6 H 4 SbMe 2 ) 2 (11), was obtained as an air-sensitive yellow oil in 68% yield, the much higher yield being typical of ligands with stronger C-Sb bonds, illustrating further the sensitivity of the C-Bi linkages. Ligand 11 was thoroughly characterized by spectroscopy (Experimental Section), and (in contrast with the bismuth ligands) by quaternization with MeI to the distibonium salt [S(CH 2 -2-C 6 H 4 SbMe 3 ) 2 ]I 2 (11b). The structure of the latter (Figure 4 ) confirms the identity of the parent ligand and also reveals the hypervalent interaction Sb(1) 3 3 3 S(1) = 3.555(2) Å , Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. Selected bond lengths (Å ) and angles (deg): Bi1-C1 = 2.251(6), Bi1-C15 = 2.240(6), Bi1 3 3 3 N1 = 2.503(5), Bi1-Br1=2.8007(7), N1-C7=1.479(7), N1-C8=1.476(7), N1-C9 = 1.472(7); C15-Bi1-C1 = 99.1(2), C15-Bi1-N1=73.9(2), C1-Bi1-N1 = 72.3(2), C15-Bi1-Br1 =93.4(2), C1-Bi1-Br1=91.43(15), N1-Bi1-Br1=157.00(11). Figure 3 . Structure of S(CH 2 -2-C 6 H 4 BiPh 2 ) 2 with the atomnumbering scheme. Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. Selected bond lengths (Å ) and angles (deg): Bi1-C1 = 2.249(5), Bi1-C7 = 2.267(4), Bi1-C13=2.275(4), Bi1 3 3 3 S1=3.3254(12), Bi2-C26=2.272(4), Bi2-C27 = 2.246(4), Bi2-C33 = 2.259(4), Bi2 3 3 3 S1 = 3.3013(12), S1-C19 = 1.805(5), S1-C20 = 1.811(5); C1-Bi1-C7 = 97.0(2), C1-Bi1-C13 = 92.84(15), C7-Bi1-C13 = 94.06(15), C27-Bi2-C33 = 92.7(2), C27-Bi2-C26 = 94.9(2), C33-Bi2-C26 = 94.86(15), C19-S1-C20 = 101.4(2), Bi2 3 3 3 S1 3 3 3 Bi1 = 147.84(4).
whereas Sb(2) 3 3 3 S(1) = 4.419(2) Å ; the latter is significantly greater than the sum of the van der Waals radii (3.80 Å ). The antimony analogues of 3, 6, and also O{(CH 2 ) 2 SbMe 2 } 2 have been described previously. 9, 10 Complexes with
þ fragment was chosen as the Lewis acid center to explore the coordination of these new bismuthine ligands initially, since it provides a labile binding site (through substitution of the thf ligand in [CpFe(CO) 2 (thf)] þ ) likely to be required for substitution by the bismuthine and contains several reporter groups in the IR and NMR spectra, and also two polymorphs of the relatively stable [CpFe(CO) 2 (BiPh 3 )]-BF 4 have been characterized by X-ray crystallography previously, providing an experimental comparison for the present work. 5a,6 The syntheses involved generation of [CpFe(CO) 2 (thf)]BF 4 initially from [CpFe(CO) 2 I], thf, and AgBF 4 , in anhydrous CH 2 Cl 2 solution (the weak donor bismuthine ligands do not coordinate to the iron in the presence of a large excess of thf, e.g. in thf solution, nor do they displace the iodide from the starting material directly). 5a The temperature at which the reaction is carried out is also critical; for ligands containing Me 2 Bi-donor groups a CH 2 Cl 2 solution of the ligand was added to a solution of [CpFe(CO) 2 (thf)]BF 4 in anhydrous CH 2 Cl 2 at -78°C and the mixture was stirred overnight, as it was slowly warmed to near-ambient temperature. The complex was then quickly isolated and stored in a freezer at -18°C, although even in a freezer slow decomposition occurs (over a few days). If the reaction was carried out at room temperature, there was extensive decomposition, some black solid precipitate formed (Bi?), and scrambling of the groups on the bismuth center was observed. In contrast, those ligands containing Ph 2 Bi-groups did not react with a solution of [CpFe(CO) 2 (thf)]BF 4 in anhydrous CH 2 Cl 2 at -78°C, and hence the reactions were conducted at room temperature. These complexes were much less prone to decomposition, although measurements were always made on freshly prepared solutions. In contrast, the antimony ligand complexes were prepared at room temperature and are more robust; no significant scrambling of substituents or decomposition was observed even after several hours in solution at room temperature. The bismuthine complexes proved to be too unstable at room temperature to obtain reproducible microanalyses, and the purity of the products was therefore judged by spectroscopic measurements on freshly prepared samples, an approach used by other workers on metal bismuthine complexes. 5a,c,d In contrast, microanalytical data on the stibine complexes were obtained without problems. The fragility of the hybrid dibismuthine ligand complexes frustrated our attempts to obtain X-ray crystal structures; however, two structures of the complexed distibine analogues were obtained. (Figure 5 ) shows the antimony ligand bridging two CpFe(CO) 2 moieties via Sb, with the hypervalent interaction O 3 3 3 Sb(2) = 3.184(8) Å , whereas the O 3 3 3 Sb(1) distance is 4.363(8) Å , showing no interaction (van der Waals radii sum 3.60 Å ). There are no significant differences in the bond lengths of the two iron units, which suggests that the hypervalent interaction is weak and does not lead to significant differences in the electronic environment at the metal centers.
The structure of [{CpFe(CO) 2 } 2 {MeN(CH 2 -2-C 6 H 4 SbMe 2 ) 2 }][BF 4 ] 2 (17) (Figure 6 ) again shows the ligand coordinated via antimony to two [CpFe(CO) 2 ] þ units, and in this case there is no hypervalent interaction (Sb 3 3 3 N > 4.85 Å );the sum of the van der Waals radii in this case is 3.74 Å . Presumably in this case the small energy gain to be made by a hypervalent interaction, which would require some conformational change in the molecule, is less than the energy obtained from packing the molecules in the form found.
The key spectroscopic data for the complexes are summarized in Table 1 with the atom-numbering scheme. Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. Selected bond lengths (Å ) and angles (deg): Sb1-C1=2.094(6), Sb1-C2 = 2.103(6), Sb1-C3 = 2.102(6), Sb1-C4 = 2.122(6), Sb2-C17=2.106(6), Sb2-C18=2.097(6), Sb2-C19=2.094(6), Sb2-C20 = 2.087(6), S1-C10 = 1.816(6), S1-C11 = 1.837(6), Sb1 3 3 3 S1 = 3.554; C1-Sb1-C2 = 110.7(2), C1-Sb1-C3 = 106.5(3), C2-Sb1-C3=106.6(2), C1-Sb1-C4=117.3(3), C3-Sb1-C4=103.8(2), C2-Sb1-C4 =111.0(2), C19-Sb2-C20= 111.8(3), C18-Sb2-C19=109.2(2), C18-Sb2-C20=108.3(2), C17-Sb2-C18 = 106.9(2), C17-Sb2-C19 = 105.6(2), C17-Sb2-C20=114.8(2), C10-S1-C11=99.4(3). Article Organometallics, Vol. 30, No. 4, 2011 899 frequency in the bismuthine systems compared to in the stibines, consistent with weaker donation by the former. The two carbonyl stretching frequencies (A 1 þ B Table 1 show that hypervalence is more common (and presumably a stronger interaction) in bismuth systems compared with antimony, but whether the interaction remains in solution will depend upon small differences in energy of the various ligand conformations possible in these bridged systems, only some of which are suitably oriented to retain the interaction. In contrast to the uncomplexed ligand structures described above, it seems that steric factors prevent interaction of the heteroatom with both Sb and Bi centers in the metal complexes.
[CpFe(CO) 2 L]BF 4 (L = SbMe 2 Ph, BiPh 2 (o-C 6 H 4 OMe), BiMe 2 Ph, BiPh 3 ). As mentioned in the Introduction, almost all known complexes of tertiary bismuthines contain the symmetrically substituted monobismuthine ligands BiR 3 . Since the hybrid dibismuthines described above contain two different substituents at the bismuth, we also briefly explored the reactions of BiPh 2 (o-C 6 H 4 OMe) and BiMe 2 Ph with the CpFe(CO 2 ) 2 þ acceptor group. [CpFe(CO) 2 (SbMe 2 Ph)]BF 4 (21) was made as a model complex for comparison purposes, and its structure (Figure 7 ) was determined. The bond lengths and angles and the spectroscopic properties are unexceptional, but notably, the complex is stable in CH 2 Cl 2 solution.
In contrast, the reaction of [CpFe(CO) 2 (thf)] þ with BiMe 2 Ph under a variety of reaction conditions, e.g. performing the reaction at temperatures varying from 195 K to ambient, in the dark, and with different reaction times, gave red waxy solids which were found by NMR spectroscopy and ES þ mass spectrometry (Experimental Section) to be mixtures containing all possible R group combinations on bismuth: viz., [CpFe(CO) 2 -(BiMe 2 Ph)] 
Experimental Section
Infrared spectra were recorded as Nujol mulls between NaCl plates using a Perkin-Elmer Spectrum 100 spectrometer over the range 4000-500 cm
, and solution spectra used NaCl solution cells over the range 2200-1800 cm -1 . 1 H NMR spectra were recorded from CDCl 3 solutions using a Bruker AV300 spectrometer, and 1 H and 13 C{ 1 H} NMR spectra of the complexes were recorded from CDCl 3 or CD 2 Cl 2 solutions using a Bruker DPX400 spectrometer and are referenced to the residual solvent signal. NMR spectra of all of the ligands and antimony ligand complexes were recorded at ambient temperature (295 K) unless otherwise stated, but spectra of complexes of the bismuth ligands were routinely run at 223 K, due to the limited solution stability of these complexes, especially over the several hours necessary to obtain 13 Me 2 BiBr (2). For all ligand preparations this was made and used in situ. Bismuth bromide (3.0 g, 6.7 mmol) was dissolved in Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. Selected bond lengths (Å ) and angles (deg): Fe1-C1 = 1.780(7), Fe1-C2 = 1.776(7), Fe1-C(Cp) = 2.072(6)-2.112(6), Fe1-Bi1 = 2.5631(9); C1-Fe1-C2=92.2(3), C1-Fe1-Bi1=92.5(2), C2-Fe1-Bi1 = 91.6(2). thf (40 mL) and the solution cooled to -78°C, before the dropwise addition of methyllithium (8.3 mL, 13.4 mmol, 1.6 M solution in diethyl ether). The reaction mixture was stirred (15 min, -78°C) and then warmed to room temperature over the course of 2 h, producing a faintly yellow solution. The solvents were removed in vacuo, toluene (20 mL) was added, and the mixture was filtered. The resulting pale yellow solution was reduced in vacuo to give a yellow oil. Yield: 1.5 g, 70.3%.
1 H NMR (CDCl 3 ): δ 1.9 (s, Me).
13 C{ 1 H} NMR (CDCl 3 ): δ 27.77 (Me).
O{(CH 2 ) 2 BiPh 2 } 2 (3). Ph 2 BiBr (13.6 g, 31 mmol) was dissolved in liquid ammonia (300 mL) at -78°C. The addition of small pieces of sodium (1.55 g, 67 mmol) with stirring for 15 min gave a dark green solution. After 30 min the solution had become dark red; a thf solution (10 mL) of bis(2-iodoethyl) ether (4.8 g, 15 mmol) was added and the ammonia slowly evaporated under a flow of N 2 , leaving a dark solid residue. Extraction with diethyl ether (60 mL) gave a pale yellow solution, which was reduced in vacuo to yield an off-white crystalline powder. Yield: 6.5 g, 55%. þ . MeN(CH 2 -2-C 6 H 4 BiPh 2 ) 2 (4). MeN(CH 2 -2-C 6 H 4 Br) 2 (1.75 g, 4.74 mmol) was dissolved in diethyl ether (60 mL) and cooled to -78°C, before the dropwise addition of n BuLi (6.42 mL, 9.96 mmol, 1.55 M solution in hexane). The reaction mixture was stirred for 2 h before it was warmed slowly to room temperature. BiPh 2 Br (4.3 g, 9.7 mmol) was added as a solid, and the mixture was stirred at room temperature for 16 h. Degassed, distilled water (60 mL) was added, and the organic layer was separated. The aqueous phase was washed with diethyl ether (2 Â 30 mL), and the organic extracts were combined, dried over MgSO 4 , and filtered to give a pale yellow solution. A small amount of white precipitate formed, which was separated and identified as the small ring MeN(CH 2 C 6 H 4 ) 2 BiBr (5). The solvent was removed in vacuo, giving an off-white/yellow solid. Yield: 1.2 g, 27%. Anal. Calcd for C 39 H 35 Bi 2 N: C, 50.0; H, 3.8; N, 1.5. Found: C, 49.3; H, 3.2; N, 1.7. 128.25, 128.49, 130.86, 131.09, 131.45, 138.30, 140.16, 144 .81 (C aromatic ), 157.2, 159.4 (BiC ipso ). 
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[MeN(CH 2 -2-C 6 H 4 ) 2 BiBr] (5). This species was isolated as a minor byproduct from the preparation of 4 as a white powder. Crystals of this material were grown from pentane solution. 127.89, 128.27, 131.56, 140.27, 147.77 (C aromatic ) (BiC ipso unclear).
MeN(CH 2 -2-C 6 H 4 BiMe 2 ) 2 (6). MeN(CH 2 -2-C 6 H 4 Br) 2 (3.57 g, 9.67 mmol) was dissolved in diethyl ether (50 mL) and cooled to -78°C, before the dropwise addition of n BuLi (12.1 mL, 19.4 mmol, 1.6 M solution in hexane). The reaction mixture was stirred for 2 h before it was warmed slowly to room temperature, producing a yellow solution. Simultaneously, Me 2 BiBr (6.79 g, 21. 3 mmol) was prepared by the addition of methyllithium (24.6 mL, 42.6 mmol, 1.7 M solution in diethyl ether) to a thf (80 mL) solution of BiBr 3 (9.55 g, 21.3 mmol) , kept at -78°C. This mixture was stirred for 15 min at -78°C and then warmed to room temperature over 2 h. The two solutions were cooled to -78°C, combined, and stirred for 16 h, during which time it was slowly warmed to room temperature. The solvent was removed in vacuo. The solid residues were redispersed in diethyl ether (80 mL), the mixture was filtered, and the resulting yellow solution was treated with distilled, degassed water (60 mL). After separation, the aqueous layer was washed with diethyl ether (2 Â 20 mL). The combined organic extracts were dried over MgSO 4 and filtered, and the solvent was removed to give a yellow oil. S(CH 2 -2-C 6 H 4 Br) 2 (8). 2-Bromobenzyl bromide (23.3 g, 0.092 mol) was dissolved in degassed absolute ethanol (300 mL), and sodium sulfide nonahydrate (11.2 g, 0.047 mol) was added, along with sodium hydroxide (four pellets). The reaction mixture was refluxed for 16 h, giving a cream-colored precipitate and an orange solution. The solvent was removed in vacuo, and the resulting solids were treated with a mixture of diethyl ether (200 mL) and degassed water (100 mL). The ether layer was removed and the remaining solution washed with more diethyl ether (2 Â 60 mL). The combined organic extracts were dried over MgSO 4 before the majority of the solvent was removed in vacuo, precipitating a pale yellow crystalline solid. Yield: 13.3 g, 78%. 124.67, 127.48, 128.68, 130.77, 133.10, 137.29 (C aromatic ) .
S(CH 2 -2-C 6 H 4 BiPh 2 ) 2 (9). S(CH 2 -2-C 6 H 4 Br) 2 (3.0 g, 8.06 mmol) was dissolved in diethyl ether (100 mL) and the solution cooled to -30°C, before the dropwise addition of n-butyllithium solution (10.4 mL, 16 .12 mmol, 1.55 M solution in hexane). The reaction mixture was stirred for 3 h at -30°C before the addition of powdered BiPh 2 Br (7.14 g, 16.12 mmol) as a solid. The resulting mixture was stirred overnight when it was slowly warmed to room temperature, giving a yellow solution and some brown solid. The solvent was removed in vacuo, and the solid was extracted with toluene (80 mL) and the extract filtered, giving a yellow solution. Degassed distilled water (60 mL) was added, the organic layer was separated and dried over MgSO 4 , and the solvent was reduced in volume to give a waxy yellow solid. Washing with degassed acetone (2 Â 10 mL) gave a white solid. Crystals were grown from a saturated toluene solution. Yield: 1.5 g, 33%. Anal. Calcd for C 38 H 32 Bi 2 S: C, 48.6; H, 3.4. Found: C, 48.5; H, 3. (10) . S(CH 2 -2-C 6 H 4 Br) 2 (2.5 g, 6.72 mmol) was dissolved in diethyl ether (80 mL) and the solution cooled to -30°C, before the dropwise addition of n-butyllithium solution (8.82 mL, 14.11 mol, 1.6 M solution in hexane). The reaction mixture was stirred for 3 h at -18°C, before the addition of bromodimethylbismuth (2.58 g, 23.6 mmol in 80 mL of thf). The resulting mixture was stirred overnight, during which time it was warmed to room temperature, giving an orange solution and some brown solid. The solvent was removed in vacuo, the residue was redissolved in diethyl ether (80 mL), and this mixture was filtered to give a yellow solution. Degassed, distilled water (60 mL) was added and the organic layer extracted, before the aqueous layer was washed with diethyl ether (2 Â 10 mL). The combined organic extracts were dried over MgSO 4 , and the solvent was removed in vacuo, to give a yellow oil. Yield: 0.7 g, 15%. þ . S(CH 2 -2-C 6 H 4 SbMe 2 ) 2 (11). S(CH 2 -2-C 6 H 4 Br) 2 (1.97 g, 5.31 mmol) was dissolved in diethyl ether (100 mL) and cooled in an ice/ethanol bath (approximately -15°C).
n BuLi (6.64 mL of 1.6 M in hexane, 10.62 mmol) was added dropwise. A bright yellow precipitate was formed and the mixture stirred for 3 h, maintaining the temperature between -15 and 0°C. A toluene solution (60 mL) of SbMe 2 Cl (1.98 g, 10.62 mmol) was added dropwise to the cooled lithiate, and the reaction mixture was stirred overnight, resulting in a pale yellow solution and white precipitate. Degassed water (100 mL) was added, and after thorough mixing the organic layer was separated, the aqueous layer was washed with diethyl ether (40 mL), and the combined organics were dried over MgSO 4 . The solution was then filtered, and the volatiles were removed in vacuo, yielding a yellow oil. Yield: 3.8 g, 68%. 127.98, 128.77, 129.58, 135.32, 139.01, 144.02 (C aromatic ) .
S(CH 2 -2-C 6 H 4 SbMe 3 ) 2 I 2 (11b). A sample of the product (0.3 g) was dissolved in acetone (10 mL), and excess MeI (2 mL) was added. The mixture was stirred for 2 min and then allowed to stand overnight, resulting in the formation of very pale yellow needle crystals, which were isolated by filtration and dried in vacuo. Anal. (10 mL) and thf (1 drop), and the resulting dark red-brown solution was added to a CH 2 Cl 2 (10 mL) solution of AgBF 4 (0.098 g, 0.50 mmol) in a foil-wrapped flask. The reaction mixture was stirred for 2 h before filtration. The red filtrate was cooled to -78°C, O{(CH 2 ) 2 BiPh 2 } 2 (0.2 g, 0.25 mmol) dissolved in CH 2 Cl 2 (10 mL) was added, and the mixture was stirred for 16 h, warming slowly during this period. The solvent was removed in vacuo, leaving a dark red solid which was stored in a freezer. Yield: 0.1 g, 30%. 
